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Commanding  General 
US  Army  Materiel  Command 


(%-J  - 'P*  / 


ATTN:  AMCPM-LH 

P.  O.  Box  209,  Main  Office 

St.  Louis,  Missouri  63166 


1.  REFERENCES 


D D 


a.  HEL  Standard  S-1-63B,  US  Army  Human  Engineering  Labora- 
tories, June  1965,  subject:  "Maximum  Noise  Level  for  Army  Mat- 

eriel Command  Equipment.  " 


b.  Final  Report  of  Test,  USATECOM  Project  No.  4-6-0250-05, 
"Confirmatory  Test  (Type  I)  of  the  OH-6A  Helicopter,"  US  Army 
Aviation  Test  Board,  20  April  1967. 


c.  Letter,  AMSTE-BG,  Headquarters,  US  Army  Test  and  Evalu- 
ation Command,  7 February  1968,  subject:  "Test  Directive,  Product 

Improvement  Test  OH-6A  Prototype  Hardware.  " 

2.  BACKGROUND 

a.  Confirmatory  testing  of  production-model  OH-6A  Helicopters^ 
conducted  by  the  US  Army  Aviation  Test  Board  (USAAVNTBD)  (ref- 
erence lb)  indicated  that  OH-6A  cabin-area  noise  levels  exceeded  the 
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maximum  limit  as  specified  in  the  Military  Characteristics  (MC's) 
(90  decibels). 


b.  The  Cayuse  Project  Manager  requested  that  Hughes  Tc  1 Com- 
pany, Aircraft  Division,  develop  a soundproofing  assembly  which  would 
meet  the  noise  level  criteria  established  by  reference  la.  Inclosure  1 
is  a table  which  extracts  pertinent  portions  of  these  criteria.  The 
Cayuse  Project  Manager  further  requested  that  the  USAAVNTBD  test 
the  improved  soundproofing  which  is  designed  to  diminish  the  cabin- 
area  noise  level. 


3.  DESCRIPTION  OF  MATERIEL 


The  improved  soundproofing  installation  is  a 13-pie.  e, 
assembly  which  attaches  to  the  cabin  area  of  the  airc  ratt  ' 
snap-  and  Velcro-type  fasteners.  Figures  1,  2,  4,  and 
relative  size' and  positioning  of  the  equipment  in  the  a i 1 • 


rf/V<r  ctF  Lh  /Is  rtf  T vm£V) 

determine  the  ability  of  the  improved  cargo 
proofing  to  lower  noise  levels  to  acceptable  limits. 


5.  SCOPE  AND  METHOD 


The  USAAVNTBD  tested  a prototype  improved  soundproo:  i r 
lation  at  Fort  Rucker,  Alabama,  and  Apalachicola,  Florida,  for  n 
days  during  the  periods  12-18  March  1968  and  12  May  to  3 J ui  ■ j.  d-K. 
Testing  was  interrupted  from  March  to  May  1968  while  the  test  air- 
craft (OH-6A,  S/N  65-12921)  underwent  environmental  testing  at  Hglio 
Air  Force  Base,  Florida.  The  aircraft,  with  test  soundproofing  in- 
stalled! was  flown  a total  of  60  hours  of  which  10  hours  were  flown 
with  all  four  crew  and  cargo  doors  removed.  On  18  March  1968,  per- 
sonnel from  the  US  Army  Aeromedical  Research  Unit  (USAARU)  con- 
ducted tests  to  determine  the  effects  of  the  improved  soundproofing  on 
the  noise  level  in  the  aircraft.  Their  complete  report  is  contained  in 
inclosure  3. 
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6.  SUMMARY  OF  RESULTS 

a.  Comparison  tests  (tables  1 through  4,  inclosure  3)  of  recorded 
aircraft  noise  levels  with  and  without  the  improved  soundproofing  in- 
stalled indicate  that  the  presence  of  the  improved  soundproofing  sig- 
nificantly lowers  cabin-area  noise  intensity  particularly  in  the  medium- 
to  high-sound-frequency  range  (1,000  to  16,000  cycles  per  second). 

In  the  low-frequency  range,  USAARU  personnel  report:  "that  the  sound- 
proofing material  had  very  little  effect. . . These  results  are  to  be  ex- 
pected. This  type  of  sound  treatment  (the  use  of  sound  absorbent  padd- 
ing) does  not  yield  much  low  frequency  attenuation.  " 

b.  Comparison  of  test  results  against  the  criteria  established  in 
reference  la  indicates  that  maximum  noise  level  limits  for  the  im- 
proved soundproofing  assembly  were  exceeded  twice  and  by  only  one 
decibel  each  time  while  operating  the  aircraft  at  a 65  p.s.i.  torque 
power  setting.  Comparison  of  test  results  for  the  standard -type 
soundproofing  (reference  lb)  against  the  same  criteria  and  under  the 
same  test  conditions  indicates  that  noise  levels  for  this  assembly  ex- 
ceeded the  maximum  limits  18  times  by  as  much  as  12  decibels.  (See 
inc  losure  2.  ) 

c.  Minor  modification  of  the  aft  cargo  compartment  bulkhead  was 
required  to  permit  installation  of  the  improved  soundproofing  assembly. 
Figure  3 shows  several  of  the  snap-type  fasteners  which  were  posi- 
tioned with  the  aid  of  a template  supplied  by  the  manufacturer.  Figure 
5 shows  the  location  of  several  of  the  smaller  soundproofing  sections 
located  in  the  crew  compartment  which  are  also  secured  in  place  by 
snap-type  fasteners.  A total  of  10  man-hours  was  required  to  install 
the  additional  fastening  devices.  Several  of  the  Velcro-type  fasteners 
used  to  secure  the  standard  soundproofing  installation  were  also  used 

in  the  improved  installation. 

d.  Total  weights  of  the  standard  and  improved  assemblies  were  as 

, 1 »cu 

follows : 

|t  T 

Standard  assembly  15.0  pounds 

Improved  assembly  16.3  pounds 
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e.  The  following  design  deficiency  was  found 


Chafing  between  the  plastic  forming  material  on  the  interior  of  the 
soundproofing  assembly  and  the  temperature -sensing  switch  on  the  tor- 
ward  side  of  the  main  transmission  caused  sufficient  damage  to  the 
switch  to  necessitate  replacement.  Reforming  the  plastic  material  to 
allow  clearance  between  the  forming  material  and  the  switch  should 
correct  the  deficiency.  (Figure  6 depicts  the  lower  portion  el  tin.-  ‘ tain 
transmission  with  its  soundproofing  section  partially  removed.  ) 


f.  The  test  aircraft  was  flown  for  10  hours  with  the  m nrovt  : 
soundproofing  installed  and  with  all  four  crew  and  cargo  < or 
moved.  The  soundproofing  assembly  remained  properly  i -i  m 
indicated  airspeeds  (IAS)  up  to  80  knots.  However,  abe  e 
IAS,  outside  air  entering  the  cargo  compartment  cau.  ■■o  . ■ 
flapping  of  all  soundproofing  sections,  and  at  100  knots  I At’  ti 
covering  the  aft  cargo  compartment,  bulkhead  becan 
apparent  that  80  knots  IAS  is  the  maximum  airsneee  m.- 
the  aircraft  with  the  improved  soundproofing  in  tali  : 
removed . 


g.  Repeated  installation  and  removal  of  the  proto  tv  v - 
ing  equipment  resulted  in  a small  degree  of  sea:,  ...j1  ..  . ; 

material  in  the  two  larger  sections.  It  is  anticipated  that  production, 
models  of  this  new  equipment  will  be  constructed  with  st rouge  m: 


h.  No  unsafe  features  were  noted,  and  no  special 
tions  were  necessary. 


7.  CONCLUSION 


The  improved  soundproofing  assembly  should  be  suitable  fm  . i 
stallation  on  current  production  OH-6A  Helicopters  when  the  des.c 
deficiency  is  corrected. 
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8.  RECOMMENDATIONS 


It  is  recommended  that: 


a.  The  design  deficiency  be  corrected. 

b.  After  correction  of  the  design  deficiency,  the  improved  sound- 
proofing assembly  be  adopted  for  use  on  the  OH-6A  Helicopter. 


4 Incl 
as 


Colonel,  Artillery 
President 


Copy  furnished: 

Commanding  General 

US  Army  Test  and  Evaluation  Command 
ATTN:  AMSTE-BG 

Aberdeen  Proving  Ground,  Maryland  21005 
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dUoJcCT:  Ovorcii  one  Octovc-ecno  Noise  At.cr.jc.ion 

Characteristics  of  a Soundprooring  Assembly  in 
an  Army  OH-6A  Helicopter. 


TO:  President 

United  States  Army  Aviation  Test  Board 
ATTN:  Major  Gerald  W.  Orr  {STE3G-TD-A) 

Fort  Rucker,  Alabama  36360 


OVERALL  AND  OCTAVE-SAND  NOISE  ATTENUATION  CHARACTERISTICS 


OF  A 

SOUNDPROOFING  ASSEMBLY  iN  AN  ARMY  GH-6A  HELICOPTER 


INTRODUCTION. 

The  U.  S.  Army  Aviation  Test  Board  requested  that  the  Aeromedical 
Research  Unit  determine  the  sound  attenuation  characteristics  of  a prototype 
soundproofing  assembly  in  an  Army  OH-6A  helicopter.  In  a memorcr,  ciulTi  CutCO 
27  March,  1963,  to  USAARU,  the  Test  Scare  stared:  "'nitia!  production  . 

soundproofing  assemblies  installed  in  OH-6A  circrafr  did  r.ot  meet  so-  r.d  , . . ;■! 
requirements  outlined  in  the  Military  Specifications  for  the  Light  Observation 
Helicopter  (LOPi).  The  new  soundproofing  assembly  was  produced  by  to  Hughes 
Tooi  Company  (Aircraft  Division)  ana  was  designed  to  meet  these  specifications. 


"The  Cayuse  project  manager  requested  USATECOM  to  test  the  new 
soundproofing  equipment.  USATECOMi  directed  the  USAAVNTBD  to  test  the 
equipment  and  assign  Project  Number  4-6-0251-12  to  the  effort. 

"The  soundproofing  assembly  is  designed  to  cover  the  aft  portion  of 
the  cargo  compartment,  the  lower  exposed  proportion  of  the  main  transmission's 


vrf r 1 vc  snavr  and  n t g in  i sansm  i ss i on . * u * • ne i mo r c ^ one*  so c ■ io< i is  c*.  i goo c*o  s 

i no  o oi  k nc  oci  oof  wo  o n *00  p « i o ■ or.  o cg“w  ■ i o i s po*. 1 * i ui  t . i..e  o — a* \ A * . U ,o-i 


i*o  s0i*t  w it!  oo  c. i achea  io  iiio  o j aAV\  i i . n c!  re— . i e —ur;  os  on  cncio— u(c 


Therefore,  rather  than  publish  weight  in  basic  dimensions  of  the  sounepreGT- 
ing  in  the  USAARU  and  Test  board  reports,  ir  will  suffice  to  publish  vhese 
basic  aata  only  in  the  Test  Board's  report." 


PROCEDURE  AND  INSTRUMENTATION. 


srnoly  v/orc 


ir.e  attenuation  cnaracTcr;sr.cs  or  tno  scunasrcotina  cisser; 


Geterminca  oy  reccramg  interna;  noise  v/ivn  ana  without  the  assc.-.-.o.y  ;ns.<-iied. 
Samples  of  noise  were  obtained  from  tl'.ree  positions.  Fhe  micrcpbc:  . *.*.  as 
placed  at  head  level  at  the  right  and  left  sides  of  the  transmission  and  t no  right 
pilot's  position.  First,  recordings  were  taken  under  various  operational  con- 
ditions with  the  soundproofing  assembly  instated.  Then  a second  series  were 
recorded  with  the  soundproofing  assembly  removed. 

The  samples  of  noise  were  recorded  on  a Nagra  ill  precision  portable 
magnetic  tape  recorder  which  was  operated  at  a tape  speed  of  15  inches  p,  r 
second.  A calibrated  Eruei  & Kjaer  type  3141  microphone,  powered  by  a 
brue!  C*  Kjaer  battery  driven  cathode  follower  type  2630,  was  fed  into  the  line 
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by  a Bruel  & Kjaer  type  4220  pistonphone  was  recorded  be, ore  end  offer  re- 
cordings of  noise  samples. 

The  instrumentation  for  playback  ana  analysis  of  the  r.ois  - cor  . a 
of  the  Ncgra  ill  recorder,  a Bruel  & !< jeer  type  2112  audiofrequency  spectrom- 
eter, a Bruel  c*  Kjaer  type  2603  microphone  amplifier  with  a Si  Lei  L Kja«--r 

JO 

type  1612  filter  set,  and  two  Bruel  & Kjaer  type  442C  statistical  distriouricn 
analyzers. 

The  output  of  the  tape  ecor'cr  vres  red  i c-  - 
each  of  which  was  connected  to  a O.Cci  & Kjaer  ty,  - 23C6  i . 
dampies  of  30  seconds  duration  wore  played  back  vnroujh  ;nc  fl  . 


analyzed  statistically.  Each  grep  .... 

potentiometer.  The  statistical  analyzer  divides  the  tote!  a -.a  • a .. 
the  graphic  level  recorder  into  ten  disc. -art  levels.  Vise  diviJ. 
dynamic  range  into  ten  levels  makes  each  cicss  interval  of  the  > . 

2.5  db. 

Ton  octave-band  center  frequencies  were  analyzed.  They  range 
from  31.0  Hz  to  16K  Hz.  !n  addition,  four  weighting  networks  of  r . 


idsu-Ts  and  discussion. 

Tcbies  I through  IV  contain  the  sound  pressure  leveis  and  stanaard 
deviations  derived  from  the  spectra  onaiysoo.  Hacli  tea! e contains  dc:c  re- 
corded with  and  without  the  soundproofing  csserr.o'.y.  Table  V througr.  Table 
X show  rhe  difference  values  or  attenuation  of  noise  sound  pressure  1 evens 


between  rhe  recordings  with  and  without  rhe  soundproofing  cssernoly.  Tire 


results  among  the  test  conditions  show  that  ct  octave  bands  with  center  fre- 


quencies between  31  .5  ana  SCO  Hz  rhere  were  negligible  noise  sound  -assure 
love!  differences  with  and  without  the  soundproofing,  in  some  cases,  n. ^re- 


appear to  be  significant  differences 


• p vho  iow  rrequency  ncr 


Av. 


study  of  the  over-aii  effect  among  ail  recording  conditions,  it  i.  b J.  ’.w 
that  these  occasional  larger  difference  values  may  bo  err, do..  ed  to  exp . . ' 
tal  artifacts.  ,t  must  be  pointed  our  that  an  experiment  of  this  type  is  ••  . 
difficult  to  carry  our  without  such  artifacts.  There  is  rhe  problem  of  .... 
ing  the  microphone  exactly  in  .he  same  position  in  rhe  aircrc";-,  rL„  - ... 
cuiry  of  repeating  iaentica!  flight  configurations  under  borh  expert, -nentc.  ct  - 
ditions.  Precautions  v/cre  taken  to  control  these  errors  as  much  a.  pc.:.'.-, 
but,  even  so,  the  experimental  errors  and  the  probable  intensity  grade  m. 
within  the  aircraft  prohibit  absolute  control  under  all  conditions. 
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One  way  of  estimating  true  attenuation  effects  is  to  take  ar  over-ail 


view  of  the  data  and  note  the  averaging  out  effect  of  experimental  artifacts 


Tables  V through  X contain  a treatment  of  the  data  which  reflects  the  mean 


values  of  differences  obtained  at  each  of  the  three  positions  in  the  aircraft 


after  all  ooerational  conditions  were  summed.  In  the  bands  from  500  Hz 


center  frequency  and  below,  there  was  fluctuation  of  values  both  plus  and 


with  a maximum  difference  of  2.75  db  a1  ' 2c  *!.  csr  rre 


minus,  near  zero 


band.  In  view  of  these  low  valued  verages,  we  ca,  sc.  ■■  a^su 


once  that  the  soundproofing  material  iaa  very  little  attest  • ; <c  es 


hese  results  are  to  be  expected.  This  type  of  sound  f recur,-: 


much  iow  frequency  attenuation. 

The  five  high  frequency  bands  from  IK  Hz  to  ioK  z s:  . . . .rage 


attenuation  values  trom  4 db  up  to  as  much  as  19  db  u n • 


is  no  question  of  the  significance  of  these  lurger  values  and  of  the  cfienuetion 


were 


near  the  transmission,  which  ranged  from  9 db  through  19  db.  Lower  values 


v/ere  recorded  at  the  pilot's  position.  This  range  was  from  4 through  9.75  db 
The  attenuation  effects  indicated  by  these  tests  show  that  there  is 


considerable  attenuation  around  the  transmission  area  and  a significant  amount 


■n  below  IK  Hz  banci 


though  it  may  be  seen  that  the  over-all  "C"  and  linearly  weighted  over-all 


eve's  were  affected  very  littl 


As  a test  of  the  attenuation  effects  of  soundproofing  merer 


Arrr.v  OH-6A  helicopter,  the  Aeromea'icai  Research  Unit  recoroed  noise  ot 


■ee  positions  in  tne  aircraft  unaer  tour  operating  cone.:. or 


incs  were  made  with  and  without  sounaproofir.; 


ere  was  very 


enuorion 


out  there  was 


The  higher  values  were  obtained  e 


mission.  However,  the  measured  attenuation  at  the  pilot's  position  was  sig- 


Acoustic  noise  in  and  around  Army  aircraft  i.  an  unv/ieicy  proa! w • 


his  time,  the  state  of  knowleage  of  noise  abatement  techniques  makes  ir 


impossible  to  attenuate  the  noise  levels  throughout  the  audio  spectrum  without 


seriously  affecting  the  performance  of  the  aircraft.  Any  economical  process 


by  which  attenuation  of  any  portion  of  the  high  noise  spectrum  can  be  achieved 


moy  be  considered  beneficial  eartici  . 

problem  is  c ainly  worti  a ile.  It  is  1 the.  the  sound* 

proofing  .^ly  in  the  OH-6A  hei 
Army  Technical  6ullefi 
cuircs  tho  initiafi  > hearing 

v iron  mental  noi.»e  is  greater  than  92  «-o  in  .he  ioc  >.  . • and 

31  < - II  igh  oc tav  be  < . 1 

incr,  even  with  t. io  cr.cric.atio.-  o i:  y r . soc 

on  t so  un  d 

2,  . j Surg 

o r*»  w • • t ^ r c u • . c.  -w  r i o i w.  t . , . . . . . . . ...  i 

sound  pressure  lev  L art-  ■ aco„s!  ‘ ..  o 

siolo  to  provid  . :no  crew  with  c:-\  hm , :i-.  v.  . i 
the  cars  or"  the  personnel  :o  levels  belc  < *.pe..i  I 
USAARU  Report  No.  67-6  on  "Sound  ■ 

APH-5  Helmet"  has  shown  the  standard  he. me.  cs  , i. .of i e . 
sulator.  USAARU  Reports  Nos.  67-8  jnd  63-6 
SPH-3  (Modified)  and  the  Navy  ... 

tivuiy  high  sonic  attenuation.  It  is  thc-m -.re  ,2.  . ; . „n..  . . . i esc 
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helmets  or  any  helmet  or  ear  protec: i *e  device,  ith  co  col-  trc--,uat>- 
charccteristics,  be  provided  as  ster.dard  equipmc-.t  with  this  3 jj : op  re,-.  The 
attenuation  avail able  with  either  of  these  helmets  wo  Id  sati 
merits  of  the  7.  B»  Med  25u 
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